A Massive Jupiter orbiting the very low metallicity giant star BD+03 2562 and a possible planet around HD 103485. 
Introduction
With the discovery of 51 Peg (Mayor & Queloz 1995) we arrived to the realisation that planet formation as we understood it had to A&A proofs: manuscript no. be revised to account for the existence of "Hot Jupiters". Since then, every planetary system discovered has added to our understanding of the physics of planet formation (see e.g. Udry & Santos 2007) . In this regard, planets orbiting evolved stars hold the key to several processes related not only to how planet formation operates around stars more massive than the Sun but also to understand star-planet interactions (Villaver & Livio 2007; Villaver et al. 2014; Privitera et al. 2016c,a) . In this context, planets around evolved stars have revealed a lack of hot Jupiters that most likely reflect effects induced by stellar evolution (Villaver & Livio 2009; Mustill & Villaver 2012; Villaver et al. 2014; Privitera et al. 2016b ).
In the main sequence, the presence of giant planets has shown to be very sensitive to the metallicity [Fe/H] of the host star (Gonzalez 1997; Santos et al. 2004; Fischer & Valenti 2005 ). The precise functional form of the correlation still remain elusive, despite the fact it is one of the fundamental parameters to help constrain the planet formation models (see e.g. Mordasini et al. 2012) . But most important, the evolved hosts of planets have shown to present some chemical peculiarities with respect to their main sequence counterparts (see e.g. Pasquini et al. 2007; da Silva et al. 2006; Ghezzi et al. 2010; Maldonado et al. 2013; Mortier et al. 2013; Jofré et al. 2015; Jones et al. 2014; Reffert et al. 2015; Maldonado & Villaver 2016) . In particular, the planet occurrence rate does seem to depend on both stellar mass and stellar metallicity (Maldonado et al. 2013) and cannot be explained by sample contamination (Maldonado & Villaver 2016) as it has been argued by Reffert et al. (2015) .
The established picture of giant planet formation, the basis of the core accretion model (Perri & Cameron 1974; Cameron 1978; Mizuno 1980; Pollack et al. 1996) , begins with the building of km-sized or larger planetesimals from the growth of 1−10 mm pebbles (see e.g. Youdin 2011; Simon et al. 2016) . The planetesimals growth continues until a solid core, big enough for gravity to accrete gas from the protoplanetary disk, is formed. The metallicity dependency in the core accretion model thus comes from the need of a fast core growth before disk dissipation occurs (Ida & Lin 2004) . Furthermore, it has been shown that the alternative scenario, giant planet formation via gravitational instability in the protoplanetary disk (Boss 1997; Mayer et al. 2002; Boss 2004) does not carry a metallicity dependency that can explain the observed relation.
Over the last ≈ 10 years we have embarked in a quest for substellar/planetary companions to giant stars that started with the PennState -Toruń Centre for Astronomy Planet Search (PTPS, Niedzielski et al. 2007; Niedzielski & Wolszczan 2008; Niedzielski et al. 2015c Niedzielski et al. , 2016a program and has continued with the high precision RV follow up of previous selected PTPS candidates program Tracking Advanced Planetary Systems (TAPAS) program with HARPS-N (Niedzielski et al. 2015a; Adamów et al. 2015; Niedzielski et al. 2016b,c) . In this paper, we present the latest finding of our TAPAS program: two very evolved giant stars with very low metallicities that host a massive "warm" Jupiters and a possible one and thus represent rather extreme outliers to the general planet-metallicity relation.
The paper is organised as follows: a summary of the observations, radial velocity and activity measurements is given in Section 2 together with a description of the general procedure and the basic properties of the two stars; in Section 3 and 4 we show the analysis of the stellar rotation and photometry together with a discussion of the activity indicators; in Section 5 we present the Keplerian analysis of the radial velocity measurements, and our results are summarised and further discussed in Section 6. Cosentino et al. 2012) .
The spectroscopic observations presented in this paper are thus a combination of data taken with the HRS at HET in the queue scheduled mode (Shetrone et al. 2007) , and with HARPS-N at the 3.58 meter Telescopio Nazionale Galileo (TNG).
For HET HRS spectra we use a combined gas-cell (Marcy & Butler 1992; Butler et al. 1996) , and cross-correlation (Queloz 1995; Pepe et al. 2002 ) method for precise RV and spectral bisector inverse slope (BIS) measurements, respectively. The implementation of this technique to our data is described in and Nowak et al. (2013) . HARPS-N radial velocity measurements and their uncertainties as well as BIS measurements were obtained with the standard user pipeline, which is based on the weighted CCF method (Fellgett 1955; Griffin 1967; Baranne et al. 1979; Queloz 1995; Baranne et al. 1996; Pepe et al. 2002) , using the simultaneous Th-Ar calibration mode of the spectrograph and the K5 crosscorrelation mask.
A summary of the available data for HD 103485 and BD+03 2562 is given in Tables 1 and 2 (Lomb 1976; Scargle 1982; Press et al. 1992 ) of combined HET/HRS and HARPS-N RV data reveals a strong periodic signal in RV at 557 days.
For BD+03 HET/HRS and HARPS-N BIS have to be considered separately due to their different definition (see Niedzielski et al. 2016b for more details). The RV and BIS data for both stars are presented in Tables 5, 7, 6 and 8.
Activity indicators: the Ca H&K lines
The Ca II H, and K line profiles (see Noyes et al. 1984; Duncan et al. 1991 ) and the reversal profile, typical for active stars (Eberhard & Schwarzschild 1913) are widely accepted as stellar activity indicators. The Ca II H and K lines are only available to us in the TNG HARPS-N spectra. The signal-to-noise of our red giants in that spectral range is low, 3-5 in this particular case, but we found no trace of reversal. To quantify the observations, we calculated an instrumental S inst HK index according to the prescription of Duncan et al. (1991) for HARPS-N data. The S inst HK index for TNG HARPS-N spectra was calibrated to the Mt Wilson scale with the formula given by Lovis et al. (2011) . For HD 103485, we obtained a value of 0.20 ± 0.05 and for BD+03 2562 of 0.14 ± 0.07, rather typical values for non-active stars.
The S inst HK for both stars show no statistically significant correlation with the RV (r = −0.41 and r = −0.25, respectively). In order to dig dipper into the posible correlation we have performed further statistical Bayesian tests following the prescription given in Figueira et al. (2016) . For HD 103485 the Pearson's coefficient of the data is 0.408 with a 0.093 2-sided p-value and the Spearman's rank coefficient is 0.514 (0.029 2-sided pvalue). The distribution of the parameter of interest, ρ, characterizing the strength of the correlation is 0.327 with a standard deviation of 0.187 and 95% credible interval [-0.049 0.663] . For BD+03 2562 the Pearson's coefficient is 0.254, 0.310 2-sided pvalue and the Spearman's rank coefficient 0.051 with a 0.841 2-sided p-value. ρ = 0.2 with a 0.197 and 95% credible interval [-0.201 0.559] . For both stars a correlation is not conclusively seen and seems unlikely, with the 95% credible interval lower limit being above ρ= 0. However, a note of warning is in place here given that in the case of rotational modulation, it is expected to have non-linear relations between RV and activity. This is caused by a phase shift between the activity maximum (that occurs when the active regions are at the centre of the disk) and the maximum RV effect, that happens at a phase of ≈ 60
• . Thus, we conclude that the Ca II H and K line profile analysis reveals that, over the period covered by TNG observations, both giants are quite inactive and there is no trace of activity influence upon the observed RV variations.
Activity indicators: Hα analysis
Cincunegui et al. (2007) showed that the calcium and hydrogen lines indices do not always correlate and cannot be used interchangeably as activity indicators. We thus measured the Hα activity index (I Hα ) in both HET/HRS and TNG/HARPS-N spectra, following the procedure described in detail by Maciejewski et al. (2013) , which based on the approach presented by Gomes da Silva et al. (2012) and Robertson et al. (2013, and references therein) . We also measured the index in the Fe I 6593.883 Å control line (I Fe ) which is insensitive to stellar activity to take possible instrumental effects into account. Moreover, in the case of HET/HRS spectra, that may still contain weak I 2 lines in the wavelength regime relevant to the Hα and Fe I 6593.883 Å lines, we also measured the Hα and Fe I indices for the iodine flat-field spectra (I I 2 ,Hα and I I 2 ,Fe respectively).
BD+03 2562
The marginal rms variations of the I I 2 ,Hα = 0.11% and I I 2 ,Fe = 0.33% in comparison to the relative scatter of I Hα,HRS = 3.03% and I Fe,HRS = 1.08% assure us of the negligible contribution of the weak iodine lines to Hα and Fe I 6593.883 Å line indices measured from HET/HRS spectra of BD+03 2562. The rms variation of Hα activity index measured from 18 TNG/HARPS-N spectra is slightly larger than the one measured from the HET/HRS spectra (I Hα,HARPS −N = 3.68%). The rms variation of TNG/HARPS-N Fe I 6593.883 Å line index is more than two times larger than that measured from HET/HRS spectra (I Fe,HARPS −N = 2.39%). The larger rms variations of the line in-dices measured from the TNG/HARPS-N spectra compared to the HET/HRS spectra measurements might be a consequence of the lower SNR of the TNG/HARPS-N spectra (40-70), compared to that of the HET/HRS spectra (120-220). There is no correlation between neither HET/HRS I Hα,HRS and RVs (the Pearson coefficient, r = 0.27), nor between TNG/HARPS-N I Hα,HARPS −N and RVs, (the same value of r = 0.27). There is no any significant signal in the Lomb-Scargle periodograms of BD+03 2562 Hα indices.
HD 103485
The 
Wavelength dependence of the radial velocity signal
As both HD 103485 and BD+03 2562 exhibit significant scatter both in radial velocities and Hα activity indices, the unambiguous interpretation of their origin is very difficult. Therefore, we analysed the wavelength dependence of the radial velocity peak-to-peak amplitude (A). The value of A should be constant in the case of spectral shifts induced by the gravitational pull of the companion. In the case of a RV signal generated by the rotation of a spotted stellar photosphere, the value of A should decrease with increasing wavelength as the temperature difference between the stellar photosphere and a stellar spot decreases at longer wavelengths (see e.g. Saar & Donahue 1997; Hatzes 2002; Desort et al. 2007 ). Figure 4 shows, A, the peak-to-peak RV amplitude as a function of the TNG/HARS-N order number for HD 103485, BD+03 2562, and the multiple planetary host PTPS target TYC 1422-00614-1 presented in Niedzielski et al. (2015b) (TAPAS-I paper). TYC 1422-00614-1 does not show any significant stellar activity related to any of the two signals reported in its radial velocity curve. Therefore, it is a good benchmark to test the wavelength dependence of the radial velocity signal peak-to-peak amplitudes of the stars in this paper HD 103485 and BD+03 2562. As shown in Figure 4 , both HD 103485 and BD+03 2562 show chromatic dependence of A, although its unambiguous interpretation is not straightforward, especially if we note that the peak- to-peak RV amplitude is systematically higher in TNG/HARPS-N orders 10-16. Equation (5) of Desort et al. (2007) gives the relation between the peak-to-peak amplitude of the RV variation (A), the projected rotation velocity of the star (v rot sin i ) and the fraction of the visible hemisphere of the star that might be covered by the spot (parameter f r , see Desort et al. 2007 for its definition and relation to the fraction of the projected area covered by the spot, f p , on the 2D stellar disk used by other authors). Using the above mentioned equation we computed the parameter f r for HD 103485 and BD+03 2562. As inputs in equation (5) we used the values of the projected rotation velocities of both stars from Tables 1 and 2 and the values of the K semi-amplitudes from Tables 3 and 4 (A is ≈ 2K). For HD 103485 we obtained f r = 5.93 % and for BD+03 2562 f r = 5.71%. Then, using equation (6) of Desort et al. (2007) , that gives the relation between the peak-to-peak amplitude of the bisector inverse slope peak-topeak variation (S ), the parameter f r , v rot sin i and the instrumental width of the spectrograph (v 0 = 3 km s −1 for both HARPS and HAPRS-N) we computed the values of S for both of our targets. We obtain S = 96 m s −1 for HD 103485 and S = 75.5 m s −1 for BD+03 2562. The computed value of the peak-to-peak amplitude of bisector inverse slope for HD 103458 is consis- tent with its peak-to-peak amplitude of TNG/HARPS-N BIS (85 m s −1 , see section 2.1.), while in the case of BD+03 2562, it is significantly higher (see section 2.1. TNG/HARPS-N BIS for BD+03 2562 is 58 m s −1 ). We have to remember though, that equations (5) and (6) were derived for main sequence K5 type stars and HD 103458 and BD+03 2562 are giant stars. 
Stellar rotation and solar-like oscillations
The one sigma limit of the rotation period (P rot (sin i ) −1 ) is equal to 477 ± 134 days for HD 103485 and 606 ± 179 days for BD+03 2562. Thus, the true rotation period (P rot ) of HD 103485 at one sigma is then lower than 611 days and P rot is lower than 785 days for BD+03 2562. Based on the upper limits of the rotation periods of HD 103485 and BD+03 2562 we then cannot exclude that the signals in their radial velocity curves are generated by rotational modulation of active photospheres.
The amplitudes (V osc ) and periods (P osc ) of solar-like oscillations computed using equations (7) and (10) of Kjeldsen & Bedding (1995) 
Photometry and discussion of activity indicators
For HD 103485 two extensive sets of photometric observations are available from Hipparcos (Perryman et al. 1997; van Leeuwen 2007) and ASAS (Pojmanski 1997) . 133 epochs of Hipparcos data were gathered over 1140 days between JD 2447878.4 and 2449019.0, long before our monitoring of this star. The average brightness is v Hip = 8.422 ± 0.013 mag and they show no trace of variability. 392 epochs of ASAS photometry were collected between JD 2451871.9 and 2455040.5 (3169 days), partly during our HET observations. These show average brightness of v AS AS = 8.281 ± 0.01 and trace of a 27d period, possibly due to the Moon. No significant photometric variability similar to that shown in RV is present in the available data as illustrated by the LS periodogram in Figure 6 . BD+03 2562 was observed within ASAS over 3169 days between JD 2451871.9 and 2455040.5, partly covering the timespan of our HET observations. The average brightness is v AS AS = 9.497 ± 0.015 mag and we find no trace of activity in these data (see Figure 8) .
The spectral line bisectors and the calcium H&K line shape show that we are dealing with a Keplerian motion that alters the position of the observed absorption lines in the spectra of both stars. Both weak and uncorrelated variations of Hα and the lack Article number, page 5 of 12 of photometric variability in the case of BD+03 2562 support that conclusion. In the case of HD 103485 the Hα variations, weakly correlated with the observed RV in the TNG/HARPS-N data suggest that the observed RV variations may be due to a spot, but no such spot is visible in the photometric data, partly contemporaneous with our spectroscopic observations. We can therefore conclude that, although in the case of HD 103485 the activity should be studied in more detail in the future, there exists no inexorable evidence that contradicts the interpretation of the observed RV variations as Doppler displacements due to the presence of a companion.
Keplerian analysis
The Keplerian orbital parameters have been derived using a hybrid approach (e.g. Goździewski et al. 2003; Goździewski & Migaszewski 2006; Goździewski et al. 2007) , in which the PIKAIA-based, global genetic algorithm (GA; Charbonneau 1995) was combined with the MPFit algorithm (Markwardt 2009) , to find the best-fit Keplerian orbit delivered by RVLIN (Wright & Howard 2009) modified to allow the stellar jitter to be fitted as a free parameter (Ford & Gregory 2007; Johnson et al. 2011) . The RV bootstrapping method (Murdoch et al. 1993; Kuerster et al. 1997; Marcy et al. 2005; Wright et al. 2007 ) is employed to assess the uncertainties of the best-fit orbital parameters (see TAPAS I for more details). The results of the Keplerian analysis for HD 103485 are presented in Table 3 and in Figure 5 and for BD+03 2562 in Table 4 and in Figure 7 .
Discussion and conclusions
In this paper, the fifth of our TAPAS series, we present a planetary mass companion and a possible one to two very metal poor giant stars in the constellation of Virgo. We have interpreted the RV variations measured in both stars as Keplerian motion, and while there is a lack of compelling evidence that the signal is originated by stellar activity for BD+03 2562 it is not so clear for HD 103485 for which based on the available data both interpretations for the RV signal (planet and activity) are possible. In the meanwhile more data is gathered for HD 103485 it is hard to justify or disprove both possible interpretations so we keep as a working hypothesis for the following discussion that the RV signal is originated by a planet. In this case, both giant stars have masses close to Solar (1.11 M HD 103485 and 1.14 M BD+03 2562 ), very low metallicities ([Fe/H] = −0.50 and −0.71 for HD 103485 and BD+03 2562 respectively) and Jupiter planetary mass companions (m 2 sin i = 7 and 6.4 M J for HD 103485 and BD+03 2562 resp.) in close to terrestrial orbits (1.4 au HD 103485 and 1.3 au BD+03 2562 ) with moderate eccentricities (e = 0.34 and 0.2 for HD 103485 and BD+03 2562 ).
In Fig. 9 we show the location of all the stars included in the PTPS sample on the Hertzsprung-Russel (HR) diagram where we have marked the location of HD 103485 (blue) and BD+03 2562 (red) (and their corresponding uncertainties). The Bertelli et al. (2008) evolutionary tracks of a 1 M stars at two different very low metallicities are also shown for comparison. From the figure is clear that the two stars presented in this paper are among the most evolved stars of the whole PTPS sample. With ages of 6.17 and 5.25 Gyr for HD 103485 and BD+03 2562 (see Tables1 and 2), these stars are certainly above the mean age value of 3.37 Gyr obtained for Giant stars with planets in Maldonado & Villaver (2016) .
Again under the interpretation that the RV signal measured in both stars is due to Keplerian motion and based on the derived orbital parameters we compute the orbital solution under stellar evolution. None of the planets are expected to have Article number, page 6 of 12 E. Villaver et al.: TAPAS V. . Villaver et al. 2014) . Given the tidal dissipation mode that operates in these giant stars, the planets should experience eccentricity decay together with orbital decay , thus their moderate eccentricities and their a/R ratios are con- Notes. V 0 denotes absolute velocity of the barycenter of the system, offset is a shift in radial velocity measurements between different telescopes, σ jitter is stellar intrinsic jitter as defined in Johnson et al. (2011) , RMS is the root mean square of the residuals. 
Notes. V 0 denotes absolute velocity of the barycenter of the system, offset is a shift in radial velocity measurements between different telescopes, σ jitter is stellar intrinsic jitter as defined in Johnson et al. (2011) , RMS is the root mean square of the residuals.
sistent with both planets being yet too far from the star to have experience tidal forces. Both planets reported in this paper are located in similar regions in M versus orbital distance or the a − e plane as most of the other planets orbiting giant stars reported in the literature . Neither HD 103485 b nor BD+03 2562 b, are expected to survive engulfment when the star evolves up the tip of the RGB (Villaver & Livio 2009) .
Assuming an average value of sin i both these companions stay within the planetary-mass range. Thus the orbital characteristics of the substellar object and the posible one we report in this paper do not appear to be differ-ent from the ones shown by the bulk population of planets found orbiting giant or subgiant stars. These two objects, however, clearly stand out in two important aspects: i) they are among the few very massive planets found around metal poor stars, and ii) BD+03 2562 in particular populates a region in the M −[Fe/H] plane where only another star has been found to host planets BD +20 2457 (see Figs. 10 and 11) .
From Figs. 10, 11 it is clear that the two planet/star combinations reported in this paper are very special. First, they are two of the very few massive planets orbiting around stars close to the mass of the Sun to be found at very low metallicity. At lower metallicities than BD+03 2562 , only two other planets have been reported in the literature orbiting the stars BD +20 2457 (Niedzielski et al. 2009 ) and HD 11755 (Lee et al. 2015) . The similarities among these systems are striking: giant, close to Solar mass, evolved stars with radii close to 30 R , with ≈ 7 M J minimum mass planets and in ≈ 1au orbits. Note also that the planet around HD 103485 is the only massive planet in the region around stars with metallicity in the range −0.6 < [Fe/H] < −0.4. HD 103485 and BD+03 2562 stand out even more in Fig. 11 where very few planets are known with [Fe/H] < −0.48 and M > 1 M .
Our current understanding of massive planet formation offers two channels. First, core accretion − and the growing of planets from the accretion of a gas envelope into a massive core − has problems to easily explain systems formed at low metallicity. Models of planet formation by core accretion require a protoplanetary disk with a high density of solids to form planetary cores which accrete gas before the primordial gas disk dissipates (see Ida & Lin 2004) . The probability of a star hosting a planet that is detectable in radial velocity surveys increases P pl (Z) = 0.03 × 10 2×Z , where Z = [Fe/H] is the stellar metallicity between −0.5 and 0.5 dex (Gonzalez 1997; Fischer & Valenti 2005) . Thus although, core accretion does not exclude the formation at low metallicity, the probability of finding such planets is low P pl = 0.2% for HD 103485 and 0.1% for BD+03 2562 .
The alternative mechanism, in-situ fragmentation via gravitational instability (GI) (see e.g., Cameron 1978; Boss 1997) posses such strong requirements in the characteristics of a protoplanetary disk at 1 au that has been shown cannot exit on dynamical grounds (see e.g. Rafikov 2005; Stamatellos & Whitworth 2008) . The planet could form by GI at larger distances (Rafikov 2005; Matzner & Levin 2005) and experience subsequent migration to ≈ 400d orbital periods in relatively short timescales. In fact, the fragments formed by instability at 100 au are expected to have minimum masses of 10 M J (Rafikov 2005) which is approximately the typical mass of the planets found around the low metallicity stars reported in this paper. Note that although it has been shown that GI cannot be the main channel for planet formation as it cannot reproduce the overall characteristics of the bulk of the planet detections, nothing prevents it to be the preferred mechanism under certain circumstances. In fact, it has been reported that protoplanetary disks with low metallicities generally cool faster and show stronger overall GI activity (Mejía et al. 2005; Cai et al. 2006) although the lowest metallicity consider in these models is a quarter Solar (still much larger than the ones shown by the stars presented in this paper). So the question still remains on how gas cooling in the disk operates at the low metallicity of these stars given the disk needs to be atypically cold for GI and whether these planets represent indeed the low-mass tail of the distribution of disk-born companions (Kratter et al. 2010) .
Planet host giants, in fact, have been reported to show peculiar characteristics regarding the planet-metallicity relation. In particular, Maldonado et al. (2013) show that, whilst the metallicity distribution of planet-hosting giant stars with stellar masses M > 1.5 M follows the general trend that has been established for main sequence stars hosting planets, giant planet hosts in the mass domain M 1.5 M do not show metal enrichment. Similar results were found by Mortier et al. (2013) . Note that Reffert et al. (2015) challenged these results based on a discussion of planet contamination but it has been shown byMaldonado & Villaver (2016) based on their planet list that the result is sustained using the Reffert et al. (2015) list of candidates.
The two objects presented in this paper add two more points to a already puzzling relation between giant planets and giant stars that might help understand planet formation mechanisms for low metallicity stars. 
